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SF.PA"R A TOR SYSTEMS 

■ 

The invention relates to separator systems and, more particularly,, separator 
systems for use with engines. 

5 

Engines, whether gas turbine engines, petrol engines or diesel engines, require 
combustion air which is normally delivered to the engine through an inlet. It is 
important for such inlet air to be relatively free of particulates since, if fed to 
the engine, particulates can have a damaging effect on the engine. It is 
10 customary therefore, to position a barrier filter in the inlet to remove 
particulates from the air. Barrier filters are, however, only satisfactory where 
the volume of particulates is not great. In environments where the volume of 
particulates is significant, barrier filters will clog quickly and thus need 
replacement at short intervals which is unsatisfactory. 

15 

It is known for use in such hostile environments where air contains high 
volumes of particulates, to use inertial separators to remove particulates. An 
example of this is shown in GB-A-2324484. Each separator comprises a 

■ 

tubular body containing a vortex generator and leading to an outlet member. A 
20 gap between an exit to the tubular body and the outlet allows particulates spun 
to the internal surface of the body to exit the separator. 

* 

A plurality of such separators are mounted side by side in a housing with their 
ends in register. A scavenge flow is passed through the housing to remove 
25 particulates exiting the separators. As seen in GB-A-2324484, it is known to 
provide two such stages arranged in succession in the flow path of the 
particulate-laden inlet air to increase removal efficiency. 

i 

m 

The presence of inertial separators in the path of an air flow produces a 
30 significant pressure drop in the flow. For this reason, it has not previously been 
possible to achieve required particulate removal efficiencies using only inertial 




separators. In general, it has been necessary to limit the number of inertiaF 
separator stages used and obtain required removal rates by the use of a 
downstream barrier filter. 

5 According to a first aspect of the invention, there is provided a separator 
system for separating particulates from air flowing in a path comprising two or 
more separator stages arranged in succession in the direction of flow of air in 
said path, each stage including a respective housing containing a plurality of 
side-by-side inertial separators through which said air flows, the additional total 

10 pressure drop produced by each separator stage after the first separator stage 
being less than the additional total pressure drop produced by the preceding 
separator stage in an upstream direction- 
According to a second aspect of the invention, there is provided an air intake 

15 for an engine including a separator system according to the first aspect of the 
invention. 

According to a third aspect of the invention, there is provided an engine 
including an air intake according to the second aspect of the invention. 

20 

The following is a more detailed description of an embodiment of the 
invention, by way of example, reference being made to the accompanying 
drawings in which:- 

25 Figure 1 is a schematic perspective view of a separator system including 

three separator stages, 

Figure 2 is a longitudinal cross section of part of one stage of the 
separator system of Figure 1, and 

Figure 3 is a schematic perspective view of an air intake of the kind 
30 shown in Figures 1 and 2 acting as an air intake for internal combustion engine 
including a turbocharger. 



Referring first to Figures 1 and 2, the separator system comprises a housing 10 
containing three separator stages 1 1, 12, 13 and a barrier filter 14. 

5 The housing 1 0, which may be made of metal, comprises a duct formed by four 
generally rectangular walls 15a, 15b, 15c and 15d with an inlet wall 16 at one 
end and a converging outlet duct 17 at the other end ending in a cylindrical or 
equivalent area outlet 18. A scavenge plenum 19 communicates with the 
interior of the housing through one of the walls 15d and includes a scavenge 

10 outlet 20. Another wall includes a scavenge air inlet (not shown). 

The inlet wall is provided with inlet apertures 21 and, as indicated by the 
arrows, air enters the housing 10 through the air inlet apertures 21, passes 
through the interior of the housing and leaves through the outlet duct 17 and the 
15 outlet 18. 

The separator stages 11, 12, 13 share common features. These common 
features will now be described with reference to the first separator stage 1 1 as 
seen in Figure 2 but it will be understood that corresponding features are found 
20 in the second stage 12 and the third stage 13 . 

* 

The first separator stage 1 1 comprises a housing 22 formed by a front panel 23 
and a parallel rear panel 24. The front and rear panels 23 24 are interconnected 
by side walls 25. A plurality of inertial separators 26 extend between the front 

25 panel 23 and the rear panel 24. Each inertial separator 26 that is of generally 
known type as shown, for example, in GB-A-1207028. Such an inertial 
separator comprises a tubular body 27 having a central passage 28, an inlet 29 
and an outlet 20. A vortex generator 3 1 is disposed within the central passage 
28. The vortex generator 31 may be made of any suitable materials such as 

30 plastics or metal and moulded or bonded in position in the passage 28. The 
vortex generator 31 has helical vanes 32 surrounding a cylindrical hub 33. The 




body 27, the vortex generator 3 1 and the hub 33 may be moulded as a single 
item. 




A generally diverging tubular outlet member 34 has an inlet 35 and an outlet 
5 36. The outlet member 34 is coaxial with the passage 28 and has the inlet 35 
extending into the outlet end 30 of the passage 28. The outer diameter of the 
inlet 25 of the outlet member 34 is less than the inner diameter of the passage 
outlet 30. There is thus an annular space 37 formed between the outlet 30 of 
the passage 28 and the outer surface of the inlet 35 of the outlet member 34. 

10 

Each inertial separator 26 is mounted between the front panel 23 and the rear 
panel 24 with the passage inlet 29 in register with the corresponding inlet in the 
front panel and with the outlet 36 of the outlet member 34 in register with an 
outlet in the rear panel 24. The space 37 communicates with the interior of the 
15 housing 22. 

The interior of each housing 23 of the separator stages 11, 12, 13 is connected 
to a supply of scavenge air (not shown). The supply includes a manifold (not 
shown) which receives air and distributes the scavenge air to the housing 22 of 
20 the three separator stages 1 1, 12, 13. The air passes through the housing 22 and 
then leaves the housing 22 to pass into the scavenge plenum 19 and then to the 
scavenge outlet 20. 

The barrier filter 14 is arranged in the housing 10 downstream of the third 
25 separator stage 13. The barrier filter 14 is of known type and may be a flat 
panel filter, or a circular cartridge type element or a bi-pleat type element. 

Referring to Figure 3, in which parts common to Figures 1 and 2 and to Figure 
3 are given the same reference numerals and are not described in detail, there is 
30 shown a separator system of the general type described above with reference to 
Figures 1 to 2 installed as an air intake for an internal combustion engine 38 



ncluding a turbo charger 39. In this embodiment, the outlet duct 17 extends at 
an acute angle relative to the path of flow of air through the separator stages 11, 
12, 13 and the barrier filter 14. The outlet 18 to the outlet duct 17 is connected 
to an inlet 40 to the turbo charger 39. There is an interrupted flow path 
5 between this outlet 1 8 and the turbo charger inlet 14 with, for example, no filter 
in this path. An outlet 4 1 to the turbo charger 39 is connected to an air inlet 42 
of the engine 38. Figure 3 also shows three scavenge air inlets 43 each 
communicating with a respective separator stage 11, 12, 13. The scavenge air 
supply system is not shown in this Figure. 

10 

The arrangement of the separator system described above with reference to the 
drawings is for removing particulates from air supplied to the engine 38. It 
removes more than 99.5% and preferably more than 99.7% of all particles 
greater than 5 microns and preferably greater than 2 microns. It may achieve 
15 this in an environment where the requirement for air by the engine may be in 
excess of 85m 3 /min and where the weight particulates removed may be in 
excess of 8kg/hr. 

The separator system described above with reference to the drawings achieves 
20 this by use of the first second and third separator stages 11, 12, 13 alone. 
Although the barrier filter 14 is present, it is effective only when there is a 
failure of one or more of the separator stages 11, 12, 13 by failure of the 
scavenge system. 

25 While it is in principle possible to achieve very high particulate removal rates 
with inertial separators, they suffer from the disadvantage that, as particulate 
removal efficiencies increase there is an increased pressure drop across each 
separator stage. This means that, previously, it has not been possible to 
provide particulate removal rates of 99.7% and better solely by the use of 

30 separator stages. Historically, it has been necessary to use no more than two 
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separator stages - bearing in mind that the pressure drops are cumulative - an 
also to use a downstream barrier filter to achieve required removal efficiencies 




In the separator system described above with reference to the drawings, the 
5 required efficiency of particulate removal is achieved solely by the use of 
separator stages with, in the present case, three stages being provided. This is 
achieved by ensuring that each stage after the first adds a pressure drop to the 
overall pressure drop that is less than the preceding stage. Thus the cumulative 
pressure drop across the first and second stages is less than twice the pressure 
10 drop across the first stage alone and the cumulative pressure drop across the 
first, second and third stages is less than 1.5 times the cumulative pressure drop 
across the first and second stages. For example, the first stage may have a 
pressure drop of 12mb, the second stage may add lOmb and the third stage may 
add 8mb. This is achieved in the following ways. 

15 

First, the pitch of the vanes 32 of the vortex generators 31 in the first separator 
stage 1 1 is greater than the pitch of the vanes 32 of the vortex generators 3 1 of 
the second separator stage 12 which in turn is greater than the pitch of the 
vanes 32 in the vortex generators 31 of the third separator stage 13. For 

20 example, the pitch in the first separator stage 1 1 may be 48mm in the second 
stage 38mm and in the third stage 33mm. Thus the cumulative pressure drop 
across each separator stage increases in a downstream direction. The effect of 
this is that the pressure drop is lowest across the first separator stage 1 1 where 
the majority of the particulate material is removed. For example, the first 

25 separator stage may remove 97.5% of particulates. In the second stage 12, 
where the pressure drop across the first and second stages 11,12 is higher, this 
efficiency may increase to 98.5% to 99%. In the third separator stage 13, 
where the pressure drop across the first, second and third stages 11, 12, 13 is 
highest, the final removal efficiency is greater than 99.5% and preferably 

30 greater than 99.7% is achieved. 




n addition, the volume of scavenge air passed through each housing 22 
increases between the separator stages 11, 12, 13 in a downstream direction. 
For example, the scavenge flow in the first separator stage may be 1 5% of the 
main flow in the second separator stage 12, 10% of the main flow and in the 
5 third separator stage 13, 5% of the main flow. Thus, the inlet will draw in 
130% of the required engine inlet flow. The effect of increasing the scavenge 
flow is to increase the efficiency of scavenge removal and also to increase the 
cumulative pressure drop. 

10 Further, the number of inertial separators 26 varies between the three stages. 
There are most inertial separators 26 in the first separator stage 11, less in the 
second separator stage 12 and least in the third separator stage 13. For 
example, each stage may have, in relation to the succeeding stage in a 
downstream direction, between 5% and 30% more inertial separators. In one 

15 embodiment, there may be 120 inertial separators 26 in the first separator stage 
11, 110 inertial separators 26 in the second separator stage 12 and 100 inertial 
separators 26 in the third separator stage 13. 

* 

The spacing between the first separator stage 1 1, the second separator stage 12, 
20 the third separator stage 13 and the barrier filter 14 is also adjusted to optimise 
the removal efficiency and control the pressure drop between the separator 
stages 1 1, 12, 13. For example, the separation between the first separator stage 
11 and the second separator stage 12 may be less than the separation between 
the second separator stage 12 and the third separator stage 13. The barrier filter 
25 14 may be separated from the third separator stage 13 by a multiple of the 
distance between the second separator stage 12 and the third separator stage 13. 
Separation between the separator stages 11, 12, 13 may vary between 6mm and 
100mm. The distance between the third separator stage 13 and the barrier filter 
14 will depend on the installation of space envelope, the barrier filter 
30 configuration and internal airflow dynamics. Similar considerations will 




8 



govern the spacing between the barrier filter 14 and the entrance to the outlet 




ducts 17. 



In use, inlet air is fed to the housing 10. A proportion of the inlet air is bled 
5 and sent to the scavenge manifold (not shown). The remaining air enters the 
housing through the inlet wall 1 6 and passes through the inertial separator 6 in 
the first separator 1 1 . The air will be carrying particulate materials such as 
dust and other debris including grit sand and stones. Each vortex generator 31 
of each inertial separator 26 generates a vortex that forces the particulate 
10 material to the periphery of the associated passage 28, so leading the air at the 
centre relatively clean. The portion of the airflow at the periphery, which is 
carrying the particulate material, exits through the annular space 27 into the 
associated housing 22. The central core of clean air passes through the outlet 
member 34 into the space between the first separator stage 1 1 and the second 
15 separator stage 12. The particulate material that passes through the annular 
space 37 into the housing 22 is removed by the scavenge air to the scavenge 
planar 19 and passed to the scavenge outlet 20. 

A similar process takes place in the second separator stage 12 and the third 
20 separator stage 13. 

As mentioned above, the barrier filter 14 is present only for emergency use and 
so, when all three separator stages 11, 12, 13 are functioning, it will extract 
only minimal particulate material from the air exiting the third separator stage 
25 13. The relatively clean air, which may, as described above, have 99.5% or 
preferably 99.7% of all particulate material greater than 5 microns and 
preferably 2 microns removed from the air, then passes through the outlet duct 
17. In the embodiment shown in Figure 3, this air then passes direct to the 
turbo charger 39 and then to the engine 38. 



30 



this way, particulate removal is achieved without the need for a barrier filter. 
Thus, the separator unit has a long life since there are no parts which, under 
normal circumstances, require regular removal. The barrier filter 14 only 
requires removal and replacement if the scavenge system is not functioning 
properly. 

There are a number of alterations which may be made to the separator system 
described above with reference to the drawings. For example, although three 
separators stages 11, 12, 13 are shown, there may be two separator stages or 
four or more separator stages. In all cases, the arrangement will be such that 
each stage after the first adds a pressure drop to the overall pressure drop that is 
less than the preceding stage. 



While the separator system described above with reference to the drawings 
achieves such a change in pressure drop by altering the helix pitch on the vanes 
32, by adjusting the scavenge flow, by adjusting the numbers of inertial 
separators in each stage and by adjusting the spacing, it will be appreciated 
these features may be used separately or two or more of them may be used 
together. 




1 . A separator system for separating particulates from air flowing in a path 
comprising two or more separator stages arranged in succession in the direction 

5 of flow of air in said path, each stage including a respective housing containing 
a plurality of side-by-side inertial separators through which said air flows, the 
additional total pressure drop produced by each separator stage after the first 
separator stage being less than the additional total pressure drop produced by 
the preceding separator stage in an upstream direction. 

10 

2. A separator system according to claim 1 wherein there are first and 
second separator stages, the total pressure drop across the first and second 
stages being less than twice the pressure drop across the first stage. 

15 3. A separator system according to claim 2 and comprising a third 
separator stage downstream of the second separator stage in the direction of 
flow of air in said path, the total pressure drop across the first, second and third 
separator stages being less than 1.5 times the total pressure drop across the first 
and second separator stages. 

20 

4. A separator according to claim 3 and comprising a fourth separator stage 
downstream of the third separator stage in the direction of flow of air in said 
path the total pressure drop across the first, second, third and fourth separator 
stages being less than 1.33 times the total pressure drop across the first, second 

25 and third separator stages. 

5. A separator system according to any one of claims 1 to 4 wherein each 
inertial separator includes a vortex generator formed by a helical vane, the pitch 
of each vane of an upstream stage being greater than the pitch of each vane of a 

30 downstream stage. 




• 11 . 

A separator system according to claim 5 wherein the vane pitch is 



between 45mm and 33mm. 

7. A separator system according to any one of claims 1 to 6 wherein the 
5 housing of each stage receives a scavenge air flow for removing from the 
housing particulates separated from said air by the stage, the volume of 
scavenge air flow supplied to each housing decreasing in a downstream 
direction. 

10 8. A separator system according to claim 7 wherein the scavenge air flow 
decreases by equal amounts between stages. 

9. A separator system according to any one of claims 1 to 8 wherein each 
stage includes a different number of inertial separators, the number of inertial 

1 5 separators in each stage decreasing in a downstream direction. 

10. A separator system according to claim 9 wherein each stage has, in 
relation to the succeeding stage in a downstream direction, between 5% and 
30% less inertial separators. 

20 

11. A separator system according to any one of claims 1 to 10 wherein an 
un-interrupted flow path is provided between successive stages. 

12. A separator system according to any one of claims 1 to 1 1, and in which 
25 there are at least three separator stages, wherein the spacing between the stages 

is equal. 

13. A separator system according to any one of claims 1 to 12 and in which 
there are at least three separator stages, wherein the spacing between the 

30 separator stages is not equal. 



14. A separator system according to claim 13 wherein the spacing between 
separator stages increased in a downstream direction. 

15. A separator system according to any one of claims 12 to 14 wherein the 
5 spacing between adjacent separator stages is between 6mm and 100mm. 

16. A separator system according to any one of claim 1 to 15 wherein a 
barrier filter is provided downstream of the last stage in the direction of flow of 
said aid in said path. 

10 

17. A separator system according to claim 16 wherein the barrier filter is 
formed by a depth filter media. 

18. A separator system according to any one of claim 1 to 17 wherein the 
15 system removes at least 99.5% of particulates in said air and preferably at least 

99.7% of said particulates. 

19. A separator system substantially as herein before described with 
reference to the accompanying drawings. 

20 

20. An air intake for an engine including a separator system according to 
any one of claim 1 to 19. 

21 . An engine including an air intake according to claim 20. 

25 

22. An engine according to claim 21 and including a turbocharger between 
the air intake and the engine, air flowing from the turbo charger to the engine in 
an uninterrupted path. 
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ABSTRACT 



SEPARATOR SYSTEMS 



5 A separator system has a plurality of separator stages (11, 12, 13) and operates 
to remove particulates from air, particularly in the inlet to an engine. Each 
stage includes a plurality of side-by-side inertial separators (26) through which 
the air flows and by which particulates are removed. Each stage (11, 12, 13) 
produces a pressure drop and the additional total pressure drop produced by 

10 each stage after the first is less than the additional total pressure drop produced 
by the preceding stage in an upstream direction. This allows particulates to be 
removed by the separator stages (11, 12, 13) alone without the use, in normal 
operation, of a barrier filter. 
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